This work reports the acceptance testing and commissioning experience of the Robotic Intensity-Modulated Radiation Therapy (IMRT) M6 system with a newly released InCise TM 2 Multileaf Collimator (MLC) installed at the Yonsei Cancer Center. Acceptance testing included a mechanical interdigitation test, leaf positional accuracy, leakage check, and End-to-End (E2E) tests. Beam data measurements included tissue-phantom ratios (TPRs), off-center ratios (OCRs), output factors collected at 11 field sizes (the smallest field size was 7.6 mm×7.7 mm and largest field size was 115.0 mm×100.1 mm at 800 mm source-to-axis distance), and open beam profiles. The beam model was verified by checking patient-specific quality assurance (QA) in four fiducial-inserted phantoms, using 10 intracranial and extracranial patient plans. All measurements for acceptance testing satisfied manufacturing specifications. Mean leaf position offsets using the Garden Fence test were found to be 0.01±0.06 mm and 0.07±0.05 mm for X1 and X2 leaf banks, respectively. Maximum and average leaf leakages were 0.20% and 0.18%, respectively. E2E tests for five tracking modes showed 0.26 mm (6D Skull), 0.3 mm (Fiducial), 0.26 mm (Xsight Spine), 0.62 mm (Xsight Lung), and 0.6 mm (Synchrony). TPRs, OCRs, output factors, and open beams measured under various conditions agreed with composite data provided from the manufacturer to within 2%. Patient-specific QA results were evaluated in two ways. Point dose measurements with an ion chamber were all within the 5% absolute-dose agreement, and relative-dose measurements using an array ion chamber detector all satisfied the 3%/3 mm gamma criterion for more than 90% of the measurement points. The Robotic IMRT M6 system equipped with the InCise TM 2 MLC was proven to be accurate and reliable.
Introduction
A Robotic Intensity-Modulated Radiation Therapy (IMRT) M6 system 1, 2) (Accuray, Sunnyvale, CA) with a newly released InCise TM 2 Collimator (MLC) 3) was installed at the Yonsei Cancer Center in May 2017. The InCise TM 2 MLC consists of 52 leaves projecting a width of 3.85 mm at a plane located at 800 mm source-to-axis distance (SAD).
Flattening filter-free photon beam of 6 MV energy can be delivered with the nominal dose rate of 1,000 monitor units (MU)/min. The largest field size projected at 800 mm SAD is 115 mm×100.1 mm and the smallest MLC opening is limited to 7.6 mm×7.7 mm. By utilizing tungsten leaves of thickness 90 mm, the transmission through the InCise TM 2 9 www.ksmp.or.kr MLC leaves is achieved as less than 0.5% relative to 100 mm×100 mm field size at 800 mm SAD. Leaf positioning accuracy is better than 0.95 mm at 800 mm SAD from either direction at all possible orientations, leading to submillimeter accuracy of beam delivery. Besides, internal optical camera provides live images used during treatment to verify that MLC leaves are at the required position before the beam is turned on to deliver dose. Penumbra is better than 3.5 mm in X and Y for 10 mm×10 mm field size and 12 mm in X and 20 mm in Y for 100 mm ×100 mm field size.
The purpose of this paper is to present our acceptance testing and commissioning experiences of Robotic IMRT   M6 system with InCise TM 2 MLC. Acceptance testing   included mechanical interdigitation test, leaf positional accuracy, leakage check, and End-to-End (E2E) tests. 4) Beam data measurements included tissue-phantom ratios (TPRs), off-center ratios (OCRs), and output factors (OFs) collected at 11 field sizes (the smallest field size was 7.6 mm×7.7 mm and largest field size was 115.0 mm×100.1 mm at 800 mm SAD) as well as open beam profiles (0˚, 45˚, The beam model created with these data was verified by checking patient-specific quality assurance (QA) in fiducial-inserted phantoms.
Materials and Methods

Acceptance test 1) Mechanical interdigitation test
This test exercises the ability of the leaves to run a full cycle through the field without colliding with one another.
By monitoring the movement of the leaves, we checked if no interlocks are tripped during the movements.
2) Leaf position accuracy
To establish that position accuracy of the InCise TM 2 leaves, we used the light weight film holder (LWFH) and EBT3 films. The orientation is consistent with garden fence and calibration film. The LWFH build up can only be attached one way due to the guide pins. We delivered picket fence exposure sequence, under geometry parameters with strips to 10 mm, gap to 15 mm, and 170 MU per strip. The films were analyzed using RIT software.
3) Leaf leakage
The purpose of this test is to check that interleaf leakage is within tolerance. We measured if the maximum leakage in each closed position is less than 0.5% as measured in a ROI of approximately 1 mm 2 .
4) End-to-End (E2E)
This test aims to utilize all components within the system to deliver an accurate treatment plan utilizing the InCise 2 Multileaf Collimator, from CT importation, through planning and delivery. We repeated this test for five tracking modes. For 6D Skull tracking, fiducial tracking, and Xsight Spine tracking modes, an anthropomorphic phantom with a film cube was used. Xsight Lung tracking 5) used a special phantom platform with Synchrony system.
For synchrony respiratory tracking, the film cube should have fiducials embedded in it.
Beam data collection
All beam data were acquired using a computer-controlled 
1) Tissue-phantom ratio (TPR)
Central axis TPRs were measured for 11 different fields at 
3) Output factor (OF)
OF is the ratio of the absorbed dose at a particular field size relative to the dose at a reference field. The reference field size for the Robotic IMRT is the 60 mm fixed collimator. By localizing a detector at a depth of 15 mm in the water phantom, OFs were measured at 800 mm SAD only. The measurements were normalized to 60 mm fixed collimator. We selected two detectors for small field measurements. 
4) Open beam profiles
Validation of the model
The beam model created with these measurement data was verified by performing patient-specific QA in fiducial-inserted phantoms (Octavius 1000 SRS detector, 6) stereotactic dose verification phantom, pelvis phantom, and thorax phantom), using 10 intracranial and extracranial patient plans.
Results
All measurements for acceptance testing satisfied manu-facture specifications. The result of EBT3 films analyzed using RIT software was shown in Fig. 1 . Mean leaf position offsets using Garden Fence test were found to 0.01±0.06 mm and 0.07±0.05 mm for X1 and X2 leaf banks. All positions were less than 0.95 mm at 800 mm SAD deviation from expected positions. Each bank has no more than 13 leaf junctions higher than 0.5 mm (at 800 mm SAD) deviation from expected positions. Each leaf has no more than 1 position greater than 0.5 mm (at 800 mm SAD) deviation from expected positions. Fig. 2 Fig. 3 shows OCRs between measurement and composite data at a depth of 15 mm for visual comparisons. They were in good agreement visually. Table 2 shows the percent difference of OFs between measurement and composite data. OFs measured by using two detectors agreed with composite data to within ±1.6%.
In particular, PTW 60018 diode SRS showed slightly better correspondence in the smallest field such as 7.6 mm×7.7 mm.
Patient-specific QA results using Octavius 1000 SRS detector were shown in Table 3 . The point dose errors for each patient-specific QA were shown within ±5%.
The analysis was performed using 3%/3 mm gamma analysis criteria. The range of gamma passing ratio was from 90% to 100%. In Fig. 4 
Conclusion
Robotic IMRT M6 system equipped with InCise TM 2 MLC was proven to be accurate and reliable, and it is currently in clinical use.
